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Abstract: Esox reieherti Dybowsk genomic microsatellites were developed by using enrichment protocols combined 
with radioactive hybridization protocol. Four hundred to nine hundred base pair fragments were selected for the whole 
genome. DNA PCR amplification after digestion with restriction endonuclease Sau 3A I , and (CA), (GA). probes 
marked with biotin were used for microsatellite DNA enrichment. The product fragments were connected with carrier 
pGEM-T and transferred into DH5a Escherichia coli competent cells, and radioactive isotope probes marked with y** P 
were used for the second hybridization. As a result, a total of 1600 bacteria were obtained in the microsatellite genomic 
libraries, positive clones accounted for 90.91% before hybridization and 81.25% after hybridization, amounting to 1300. 
One hundred and ninety-six positive clones were selected for sequencing, and 192 clones included microsatellite 
sequences. The microsatellite sequences obtained, mono-nucleotide, quad-nucleotide and quint-nucleotide repeat motifs 
were observed beside double-base-pairs CA/GT, GA/CT. Seventy primers were designed according to the flanking 
sequences by using software Primer Premier 5.0, and 32 primers were selected to be synthesized. After optimizing PCR 
reaction conditions, 28 primers were amplified and produced clear purpose bands. The aim of our research was to promote 
the development and utilization of E. reieherti genomic resource, and lay the foundation for optimizing E. reieherti 
breeding strain in order to detect the genetic diversity and construct a genetic map. 
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Esox reieherti Dybowski, Salmoniformes, Esocoidei, 
Esocidae, Esox, is characterized as a cold water fish in 
Heilongjiang River, widely distributed in Asia, Europe 
and North America, but only found in Heilongjiang 
River valley in China. Esox reiehert has great economic 
value because of its hard meat quality, few fish bones 
and high nutritious value. Esox reieherti had an extensive 
distribution before the 1950’s, when there were obvious 
fishing seasons. In recent decades, E. reieherti decreased 
markedly as a fishery resource due to the destruction of 
its environment and overfishing (Li et al, 2004). Esox 
reieherti has been listed as a new secondary protected 
animal in Aquatic conservation of wildlife of country 
directory. 

Microsatellite DNA is dispersed throughout the 
eukaryotic genome, possessing high polymorphic 
information contents (PIC) and agreeing with Mendel’s 
genetic mode and co-dominant expression. Microsatellite 
DNA is applied widely in population genetic structure 
analyses, detection of genetic diversity, construction of 
genetic maps, loci analysis linked with production 
character and QTL analysis (Liu et al, 2007; Postlethwait 
et al; Sun & Liang, 2000; Wang & Wu, 2006; Zhang et 
al, 2007). Few resources can be untilized due to the 
lagger condition of microsatellite analysis in aquatic 
animals as opposed to land-dwelling animals and plants 
(Guo et al, 2007). Few studies have focused on E. 
reieherti microsatellite DNA marker isolation. We 
intended to obtain sufficient and effective microsatellite 
markers using a method of combining magnetic bead 
enrichment with radioactive hybridization protocol to 
construct E. reieherti microsatellite libraries, and thereby 
design and select corresponding PCR primers. This study 
can provide fundamental data for further research on E. 
reieherti populations, seed selection, genetic potential, 
utilization and protection of germ plasma resources, 
construction of genetic linkage maps and QTL location. 


1 Material and Methods 


1.1 Material 

Esox reieherti samples used in the study were 
bought from aquatic markets in Harbin in August, 2006. 
1.2 Isolation of the high molecular weight genome 

Liver samples were taken out and put into mortar 
and rubbed in a liquid nitrogen solution. Liver powder, 
0.1g, was put into a 1.5mL tube, 0.5mL of extraction 
buffer was added (200ug/mL proteinase K, 0.5% SDS, 
200 mmol/L EDTA pH8.0), the tube was incubated at 
50°C. The solution was extracted three times using 


phenol/chloroform/isoamyl alcohol (25 : 24:1), and 
then dialyzed for 16 hours with 0.05 mol/L Tris-HCl 
(pH8.0) and 0.01 mol/L EDTA (pH8.0), precipitated with 
cold absolute alcohol, washed with 70% ethanol, 
air-dried, and re-dissolved in 0.1<xTE. One percent 
agarose gel electrophoresis was used to detect the purity 
quotient and the products were kept in a refrigerator at 
4°C. 
1.3 Digest with restriction enzyme and obtaining 
genomic DNA fragments 

Whole genomic DNA was digested with Sau 3AI, 
the products were visualized in 1% agarose gel, and then 
isolated by sucrose-density-gradient centrifugation 
method (four gradients including 10%, 20%, 30% and 
40% were used, 22000r/min, 4°C, 22h ), 400-900 bp 
fragments were collected for the next steps. 
1.4 Connecting the genomic DNA with linker 
linker A 
single 


1.4.1 Preparation of the Brown 
double-stranded 


oligonucleotide was 


adaptor from a stranded 
synthesized by mixing equal 
proportions of oligonucleotides. A 
(5'-GATCGTCGACGGTACCGAATTCT-3’) and B (5’- 
GTCAAGAATTCGGTACCGTCGAC 3’), made the 
final concentration of solution 25 pmol/L. It was 
denaturalized at 95°C for 10min, and then cooled slowly 
down to 10°C over a period of 4 hours to form 
double-stranded adaptors: 

5'-GATCGTCGACGGTACCGAATTCT-A 

3'-CAGCTGCCATGGCTTAAGAACTG-B 

Sau 3A | —S al I —EcoR 
1.4.2 Ligating the linkers 
was constructed, including 4uL (about 400 ng ) of enzyme 
digested fragments, 10uL of linkers, 1uL T,DNA ligase 
( Promega, USA ), 2uL ligation buffer, up to 20 uL 
water. The mixture was kept at 16°C in a water bath 


A ligation system of 20uL 


overnight (about 12-14h). It wasthen separated with 
cenerifugal concenerators (PALL FIL TRON Inc.), the 
residual linker discarded and the final product was 
concentrated to about 15uL, and then detected in 1% 
agarose-gel to see whether the residual existed or not and 
whether the product appeared. 
1.5 Establishing Esox reieherti genomic PCR 
libraries 

PCR amplification was performed with 4uL of DNA 
fragments ligated with linkers as templates and Primer B 
as primers (PE9700 PCR amplifier). The PCR reactions 
consisted of an initial denaturing step of 3min at 94°C; 
20 cycles for 1 min at 94 °C, 1 min at 58°C, 2 min at 
72°C; and a 10 min final extension step at 72°C. After 
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the reaction, the products were passed through 

cenerifugal concentrators and the residual primers and 

dNTP discarded. The volume was concentrated to about 
15uL, and then the concentration and size of the products 
was determined. 

1.6 Marking the microsatellite probes with biotin 
and making the Dynal magnetic beads hybrid- 
ize with genomic libraries 

1.6.1 Preparation of the buffer 

Construction of 50 uL reaction system: the following 

materials were mixed: 1.5uL (10umol/L) Probes [(CA))2 

and (GA). marked with biotin], 5uL Primer B (50 

umol/L), 15 uL 20xSSC (NaCl, sodium citrate, HCl, 

pH7.0), 0.5uL 10% SDS, 16uL ddH,O, and the mixture 
warmed up to 68°C. It was denaturalized for 5 min at 
95°C, the DNA fragments ligated with linkers and then 


amplified by PCR reaction, and immediately blended 


hybridization 


into the warmed hybridization solution at 68°C, and 
hybridized in a hybridization oven for 1 hour. 

One hundred 
micro-litres of (10mg/mL) magnetic beads were placed 


1.6.2 Balancing the magnetic beads 


into a 500uL low viscosity silicide-based tube, and the 
tube was placed on the magnetic-forces shelves (MPC, 
Promega, USA) for 1—2min and then the salt solution 
gently extracted. After washing the solution twice with 
200uL B & W (10mmol/L Tris-Cl, 1mmol/L EDTA, 2 
mol/L NaCl) , the magnetic beads were washed 3 - 5 
times with 200uL lotion I (6xSSC, 0.1% SDS) until the 
beads were smooth and easy to elute. Finally 150uL of 
lotion I was added at the end of the hybridization. 

The hybridization 
solution was added to the balanced magnetic beads, 


1.6.3 Enrichment and capture 


using streptavidin-labelled magnetic beads to capture the 
25°C microsatellite sequences linked with biotin probes. 
The tube was gently shaken for 20min to combine the 
streptavidin with biotin, and then placed in a 
silicide-based tube onto magnetic-force shelves. The 
magnetic beads were washed to discard non-differential 
DNA fragments. The washing process included: twice in 
lotion I (6xSSC, 0.1% SDS) at room temperature and 
once for 10min, twice in lotion II (3xSSC, 0.1% SDS) at 
68°C and once for 15min; then 50uL 0.1xTE was added 
in and denaturation occurred for 10min at 95°C. The 
supernatant was carefully extracted so a single-stranded 
DNA fragment containing microsatellite sequences was 
retrieved. 

A 6uL single-stranded microsatellite sequence was 
used as a template and a second PCR amplification was 
performed, conditions were the same as the first time. 


The residual primers and dNTP were discarded and the 
product concentrated to about 15uL and visualized in 
electrophoresis. 
1.7 Ligating T-vector and clone 

The ligated reaction system was constructed using: 
2x5 uL ligate buffers (containing ligase), 18-T 1 uL 
vector pMD (Promega, USA), 3 uL DNA fragment, 
asepsis up to 10uL deionized water and a T-vector was 
used as a reference. The ligation reaction was conducted 
for 3 hours at 16°C. It was transformed with competent 
Escherichia coli DH5a prepared from CaCl, (Sambrook 
et al, 1989), and genomic microsatellite libraries were 
obtained. 
1.8 Second selection with isotope-labeling probes 

Second selection was performed by in situ 
hybridization. A clone was transferred to the hybridized 
membrane and the same size of bacterial plaque was kept 
to select the positive clone at the end. The hybridization 
was performed with (CA)? and (GA);. marked with an 
isotope, and visualized with X-radiation for 7 days. 
1.9 Detection of the sequence of positive clone and 

analysis of the result 

Positive clones were selected and sequenced by 
BEIJING NUOYASAI Genomic Research Center Inc. 
Vector sequences were cut after sequencing, and then a 
search for microsatellite recombined sequences was 
performed, by using software SSR Finder, to determine 
the repeat numbers and flank sequences. Primer design 
was accomplished according to conserved sequences 
flanked by repeat sequences, using software Primer 
Premier 5.0 and PCR amplifying groups, and visualized 
in agarose-gel and analysis of the primer application. 


2 Results 


2.1 Esox reieherti microsatellite clone and sequence 
analysis 

One thousand six hundred positive clones were 
obtained from the genomic libraries in this study. 
Positive clone ratio before hybridization was 90.91%, 
that is the ratio of T-vectors self-ligated at 9.09% (Fig. 1), 
therefore approximately 1455 recombined clone were 
obtained. After the second selection using hybridization, 
1300 clones were obtained; the ratio of positive clones to 
whole ones was 81.25%. One hundred and ninety-six 
clones were selected for sequencing, 192 (97.96%) were 
found containing microsatellite sequences and included 
209 microsatellite loci, consisting mainly of CA/GT, 
GA/CT repeat sequences, mono-nucleotide (A, T, G, C) 


and quad-nucleotide (GAGT, CTCA) and 
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quint-nucleotide (CTCTC) repeat units. As shown in Fig. 
2, CA/GT repeat times ranged from 5 to 30, accounting 
for 75.43%, concentrated 5- 10 times, accounting for 


39.46%, the greatest time was 137; 25 
microsatellites containing GA/CT and repeat times 


ranging from 5 - 10 were determined, 10 ones (2.88%) 


repeat 





Fig. 1 


Positive colonies distribution of microsatellites in the first round of screening 


M: DNA marker DL 2000; 1 - 22: Colonies. 
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Fig.2 Length distribution of microsatellite in the genome 
of Esox reieherti Dybowski 


repeated over 7 times, the greatest occurred among 5 - 
10, accounting for 11.74%, the greatest repeat time was 
40. According to Weber (1990), these microsatellites can 
be classified into three types: Perfect, Imperfect and 
Compound. Perfect types are repeat sequences in which 


no intermittence occurs and no other repeat sequences 
exist near it. Imperfect are when two or more repeat 
sequences are segmented by non-repeat sequences, under 
three nucleotides; Compound types are when one repeat 
sequence and other repeat sequences are segmented by 
non-repeat sequences under three nucleotides. Our 
results included 132 Perfect microsatellites (63.16%), 48 
Imperfect sort (22.97%) and 29 (13.88%) Compound 
types. 
2.2 Designation of primers for the double-nucleotide 
repeat sequence and selection 

Primers were designed according to preserved 
sequences flanking the double-nucleotide repeat 
sequence by using software Primer Premier 5.0. Some 
sequences could not be used to design primers, 192 
microsatellite sequences obtained 70 primers (partial 
primer sequence shown in Tab. 1). Selecting and 
synthesising 32 primers, optimized the PCR reaction 
conditions, 28 primers amplified clear and repeatable 
bands. Fig. 3 is the amplification result of marker 


ALIGY12. 


Tab. 1 Parts of microsatellite primer pairs for Esox reieherti Dybowski 











Optimum 
Microsatellite . pei Size . annealing 
uker Primer sequence5 3 (bp) Repeat motif temperature Type 
CC) 
HLJGY1 F:ACTGTCCCTGTTATCC 177 (GT)4s 50 P 
R:TCCCTGGCTCACTAAC 
HLJGY3 F:GGCTGGATTTCGGTGGA 168 (CA)i2 50 P 
R:ACCTGCGGGTCAAGAGC 
HLIGY4 F:GCCTAAACGCAGTAGTCAA 393 (GT)66 55:5 P 
R: TGGAGAAAGTGGGACA 
HLJGYS F: CCAAGCATAGCCACCC 365 (GT)25(GA)(GT)4(GA)(GT)4(GA)(GT) 34 56 I 
R: CTCCGCAATCTCAGCA (GT)a49 
HLJGY6 F: ACCATCCCATTGACTT 293 (GT) 44 51 P 


R: TAAACAACGCCCACTC 


(to be continued) 
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(continued) 





























Optimum 
Microsatellite Primer sequence5’ - 3’ hia Repeat motif eae Type 
marker (bp) CO 

oe F: TGTGCTGTGGCTAATG 226 (GT)s« P P 
R: CAAATCCAGGGTGAGT 

HLJGY8 F: GAGACTGAAGCAATAG 249 (GT); (GTG)(GT)is 58 P 
R: AAGAGTAGTAAAGATAAG 

HLJGY9 F: CTGCTGGGTTGAAGTA 335 (CA). 60 I 
R: AGAGGAGGGTGGATGT 

HLJGY10 F: ATTCCTGGCTCGGTTTC 102 (CA)x6(CG)(CA)a1 59 P 
R: AAATGGTGCCGAAGTT 

HLJGY11 F: CGTCCACTTCCAACAG 150 (CA) 60 I 
R: GGTGGATGATTAGGGA 

HLJGY12 F: GGGTCACAGCCTCCAT 184 (GT)ai 60 P 
R: GGCGTCCCGTGATTTA 

HLJGY13 F: TCCACCAAACACGACA 227 (GT): 56 P 
R: AAACAAAATGACACCC 

HLJGY14 F: CAGGCAGCAGGTAAAG 177 (CA)2(CT)3...... (CG)(CA)s7 56 P 
R: CGGTCCAGGTCACTCT 

HLJGY1I5 F: GGAAGTTGCCTTTGGA 435 (GT).(TT)(GT)3 59 C 
R: GCTGAATGGAGGGACA (TT)(GT)35 

HLJGY16 F: GCAAATGCTGACAGGGAC 168 (GT);s 51 I 
R: GCAGTGCGATGGATGG 

HLJGY17 F: CTGATTGCGTTGCTAA 225 (GT)i3 50 P 
R: GACAAAGATGCGGGAC 

HLJGY18 F: GAGCAGGACGGACCAGA 133 (GT)60 50 P 
R: TCCCTCTTCCACCCTA 

HLJGY19 F: CCCATGAGGGTAGCTG 199 (GT)34 55 P 
R: GCTGTCGGTATTGCTG 

HLJGY21 F:ACTGGAGTAATGATGCTGAA 390 (GT)s(CT)(GT)o 60 P 
R: TTGAAGAATTGGTCGC (GT)s(GA)2(GT)s 

HLJGY22 F: ACGGTCTAGGTTTGAT 142 (CA)s 50 P 
R: CAACAACTTCACCAAC 

HLJGY23 F: ACGATCCGAGACTCCT 110 (GT)s(AT)(GT)ig 60 I 
R: TGACCACTGTGAACCC (GG)(GT)s 

HLJGY24 F: GTCGACGAGCTCATTA 319 (GT)34(GA)(GT) 319 P 
R: TAACGGACCCCTAAGA 

HLJGY25 F: ACGGTTGAGCTATTCT 132 (GT)... (GT); 51 I 
R: ACCTCATTGTTTCCTG 

HLJGY26 F: CGACGGTCTTGGAAAA 419 (GT)ss 50 I 
R: GAGGGATAGGTTGGTAGTG 

HLJGY28 F: CCAGCAGTAACTCAAAG 453 (CA)i(TA)(CA);s 60 P 
R: CGGGCTGATTAAGTAAGA (TA)(CA)4g 

HLJGY29 F: CGACGGTCCCATTACA 287 (CA)og 60 I 
R: ATGGTCCTCATTTCTG 

HLJGY30 F: CCTCGCTATGACAAAT 294 (GT)22 60 P 
R: GTGGTCAGCAGGAGAT 

HLJGY31 F: ACTTACCACATGACCACCTT 223 (GA)20 56 P 
R: GCACGCCCGACAAACA 

HLJGY32 F: TTTCACTAGACGACCAC 139 50 P 


R: TAAACTGCCACTCCAC 


F: Forward primer; R: Reverse primer; P: Perfect; I: Imperfect; C: Compound. 
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ODD 


Fig.3 Analysis of PCR products for the HLJGY12 locus in Esox reieherti Dybowski 
M: DNA marker DL 2000; 1 - 20: 20 individuals; B: Negative control. 


3 Discussion 


The common way of obtaining microsatellite 
flanking sequences is to construct genomic libraries 
and the 
microsatellite loci analysis are the microsatellite flanking 


enriched in microsatellite loci, key to 
sequences. The microsatellite loci genomic libraries can 
be constructed in two ways: one is to found a genomic 
DNA library by classical molecular biological methods, 
such as performing Southern hybridization with manual 
radioactivity isotope labels or non-radioactivity label 
probes, selecting positive clones and sequencing them. 
This method is simple but has a low efficiency, the ratio 
of positive clone to the whole is only 2% - 3%, and it 
requires a lot of labor and funding. The second way is 
enrichment protocol with biotin-labelled magnetic beads 
to isolate microsatellite molecular markers, suggested by 
Kijas et al (1994) and is a method of rapidly separating 
microsatellite sequences. This protocol is founded on the 
basis of covalence combination theory between 
streptavidin-labelled on the face of magnetic beads and 
biotin-labelled on the microsatellite probes. This method 
can potentially separate several hundred microsatellite 
loci in a short time; especially applicable to animals 
possessing low numbers of microsatellite sequences. 
Magnetic beads enrichment protocol is a simple and 
highly efficient method (Bronw et al, 1995; Kandpal et al, 
1994). It can improve the ratio of obtaining microsatellite 
positive clones by up to 50% (Li & Zheng, 2004) and 
therefore is applied broadly to select microsatellite loci 
(Edwards et al, 1996; He et al, 2003; Carleton et al, 2002; 
Sun et al, 2005). Cifarelli et al (1995) suggested RAHM 
(Random Amplified Hybridization Microsatellites), Lunt 
et al (1999) proposed PIMA (PCR Isolation of 
Microsatellite Arrays), these two methods aim to enrich 
microsatellites on the basis of RAPD products but has a 
low efficiency and obtains microsatellites randomly 


although avoiding the construction of a genomic library. 


Lian et al (2001) linked the synthesized linker at the 
ports of the digested DNA fragment and substituted 
manual linker sequences for vector sequences. This 
method can only obtain single-sided sequences of 
microsatellites once and requires a large amount of time 
and expenses to be invested. Combined with the above 
protocols, this study performed the method combining 
magnetic beads with radioacte hybridization protocol, 
ligating synthesized linkers, designing primers according 
to linker sequence, amplifying digested DNA fragments 
captured by probes and enriching microsatellites. The 
synthesized linker increased the specificity so the flank 
sequence could be obtained from one clone sequence, 
and therefore being more cost-effective. On the other 
hand applying the second hybridization can improve the 
ratio of microsatellite sequences acquired. In this 
research 196 positive clones were selected to sequence 
after the second hybridization selection. As a result, 192 
(97.96%) clones were found including microsatellite 
sequences, Quan (Quan et al, 2006) sequenced 173 
clones and 178 (97.19%) clones included microsatellite 
sequence; Lu et al (2005) sequenced 138 clones and 149 
(92.62%) clones included microsatellite sequences, prior 
to obtaining the ratio in the above results. As shown in 
this paper, 1300 positive clones were acquired from 1600 
microsatellite clones, the ratio was 81.25%, far greater 
than congeneric results (Sun et al, 2005; Quan et al, 2006; 
Lu et al, 2005; Refseth et al, 1997). 

The abundance ratio of different nuclear repeat units 
differed in the genome, and it was the foundation for 
selecting microsatellite molecular markers, therefore, it 
was important to confirm the abundance ratio before 
selecting the microsatellite marker. In all the animals, 
microsatellites containing CA/GT is the most abundant 
and GA/CT the second (Brenner et al, 1993). 
Oligonucleotide probes containing CA/GT and GA/CT 
repeat sequences were employed in this study, CA/GT 
accounts for 86.3%, GA/CT accounts for 13.62%, which 
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confirmed the above conclusion. There were 132 Perfect 
microsatellites (63.16%), 48 Imperfect (22.97%) and 29 
Compound types (13.88%) in this study. Perfect types 
were the most abundant, in accordance with the 
microsatellite characteristics in carp (Sun et al, 2005), 
northern catfish (Quan et al, 2006) and silver carp (Lu et 
al, 2005). The main reason for this ratio in this study may 
be due to the fact that there were two selections of 
beads 
enrichment protocol. One used a probe connecting biotin 


microsatellite sequences in the magnetic 
and containing (CA), (GA)i2 repeat sequences. Many 
residual repeat sequences in hybridization elution were 
discarded using this method. The second selection used 
isotope probes selection containing (CA))2, (GA) . repeat 
sequences to compare with the normal magnetic beads 
enrichment protocol, which discarded most of the low 
repeat sequences. The two selection processes in this 
enrichment protocol may be the reason such a high 
number of good microsatellite sequences were obtained 
(Sun et al, 2005). 

The number of microsatellite oligonucleotide repeat 
units makes a great difference in different species, and 
has rich polymorphism. Valdes (1993) held that that 
microsatellite whose number of repeat units is lower than 
five in humans hardly displays any polymorphism. 
Smulders (1997) thought that more repeats could 
produce both interspecific and intraspecific 
polymorphism, however, few repeats can only produce 
studies 


showed that microsatellites in length are mostly lower 


interspecific polymorphism. Other related 
than thirty repeat units, and the sequence is relatively 
long (100bp+), Taq enzymes are easy to splice in PCR 
bands 


electrophoresis and counting of the bands could have led 


amplification, shadow visualized in 


to errors. About 68.99% of microsatellites in Northern 
catfish (Quan et al, 2006) have repeat sequences lower 
than thirty times, about 77.5% of microsatellite repeat 
sequences in abalone are lower than thirty times. In this 
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study, 75.43% of E. reieherti microsatellite DNA repeat 
units were lower than thirty, close to the ratio of the two 
above species, microsatellite DNA repeat units. 

The enrichment protocol to prepare microsatellites 
can improve the efficiency by mending the experimental 
method, but some key steps are also important. 
Obtaining high quality DNA is the foundation of the 
experiment, it is also important to collect fragments after 
sucrose density gradient centrifugation and avoid short 
insertion fragments, which are needed to design primers 
(Li & Zheng, 2004). The enrichment of magnetic beads 
is the key step in the whole experiment; it influences 
directly the quality of clone microsatellites (Quan et al, 
2006). The balance of magnetic beads has to be carefully 
controlled, washed at a specific temperature and washed 
for a specific number of hours. The magnetic beads must 
be balanced again and again by using a salt solution 
before using the magnetic beads, so they can become 
smooth. This step is to wash away residual fragments not 
containing microsatellites, so only fragments rich in 
microsatellite sequences can be preserved on the face of 
magnetic beads. 

Among humans and some important animals and 
plants, the predominant characteristic microsatellite 
markers can be applied broadly to population genetic 
structure analyses, molecular assistant breeding, genetic 
map construction, productive trait linked analysis and 
QTL orientation. 
microsatellites has not been reported until now. This 


However, selection and isolation of 


study constructed E. reieherti partial genomic libraries, 
designed and selected some microsatellite markers able 
to be stably amplified in the genome, providing 
foundation data for E. reieherti and neighbor species 
populations in selected breeding, genetic potential, as a 
germ plasma resource utilization and preservation, 
genetic linkage map construction, QTL orientation and 
other further studies. 
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75 Wise IH 24 77. war] PE, J “maculates” , iN “maculatus” ; 
75 WMR IHE 27 77, Bete fe JA, EA “Abbotina” , i “Abbottina” ; 
75 Wits 1 BIB 377, ASEH TAA, JRA “75 longates” , NX “elongatum” ; 



































6747, Femi buh, TAY, JEN “decora” , iW “decoras” ; 


76 Ws 1347, WERE PE, ON “bismaritus” , DLN “bismargaritus” ; 
oS 76 Wah 3747, wR TY, AX “Siluriformes” , NJ “Siluridae” . 
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